Duchenne type muscular dystrophy and consanguinity: difficulties in pedigree analysis SUMMARY We report the case of a 2-year-old girl who had signs of Duchenne type muscular dystrophy on clinical, electromyographic, laboratory, and pathological examination. The parents of the child are first cousins. A brother and nephew of the mother also had Duchenne type muscular dystrophy.
Karyotype analysis in the proband showed both X chromosomes to be morphologically normal. The mother had very high plasma CK levels, equivalent to those observed in carriers of the disease.
We discuss different hypothetical mechanisms designed to account for the family pedigree.
The present case study involves a young girl with a normal karyotype who had progressive Duchenne type muscular dystrophy. The parents were consanguineous. X-linked recessive transmission of the myopathy was noted in maternal relatives. This observation raises difficult problems in genetic counselling.
Case report
A 10-month-old girl was referred to the Pediatric and Medical Genetic Service of Marseille (Professor F. Giraud) for problems in upbringing. The proband was the first child of a marriage between first cousins. This was the first time they had sought genetic counselling, though a brother and a nephew of the mother had Duchenne type muscular dystrophy. The mother of the proband was at first considered to be a possible carrier (Fig. 1) . In view of the family history, plasma creatine kinase (CK) and aldolase levels were measured in the mother, father, and child. Plasma CK values were 52 mIU/ml in the father, 318 mIU/ml in the mother, and 2840 mIU/ml in the proband.
Plasma aldolase was 3 * 8 mIU/ml in the mother and 40 mIU/ml in the daughter. We concluded that the mother was a true carrier, the father was normal, and the daughter had muscular dystrophy.
When re-examined at the age of 23 months, the girl walked with difficulty and had hypertrophied calves.
Electromyography detected abnormalities in the triceps muscle. A muscle biopsy specimen was obtained for light microscope and histochemical studies. Some fragments in isopentane were frozen with liquid nitrogen, others were fixed in glutaraldehyde for electron microscopy. Muscle fibres were of unequal size on haematoxylin and eosin staining. Diffuse atrophy was widespread, but a few hypertrophic muscle fibres were seen. In the sarcolemma, numerous nuclei were observed, some of which were centrally positioned. Degenerative changes (Fig. 2 The first hypothetical explanation is that transmission occurred in an autosomal recessive mode, especially since the parents are first cousins and paternity was verified. This proposal implies the coexistence of a mutant autosomal recessive gene and an X-linked mutant in the same family. The probability of such an event is, of course, extremely low. group.bmj.com on August 27, 2017 -Published by http://jmg.bmj.com/ Downloaded from A second possible explanation is that the proband was homozygous for the X-linked gene, the paternal X chromosome having undergone a germinal mutation. In this case, the probability is related to the mutation rate of the gene, which is of the order of 50 x 10-6 according to Danieli et al. (1977) .
Thirdly, an anomaly involving gonosomal number or structure might be the cause. We can eliminate this hypothesis: 50 mitoses in cultured lymphocytes were analysed after mild heat denaturation and no abnormalities were observed. Finally, the degree of phenotypic expression in a girl heterozygous for the X-linked gene can be invoked as a possible explanation. Other workers have previously reported the presence of clinical symptoms in female carriers (Emery, 1963; Johnston, 1964; Murphy et al., 1965; Penn et al., 1970; Stern, 1972; Zatz et al., 1973; Moser and Emery, 1974) . Girls are only very rarely affected as severely as boys (Johnston, 1964; Penn et al., 1970; Gomez et al., 1977) . Such diversity in clinical expression may be accounted for by Lyonisation of the X chromosomes in the muscle cells of girls heterozygous for the myopathic gene. Several authors have proposed this hypothesis (Emery, 1963; Murphy et al., 1965; Zatz et al., 1973; Moser and Emery, 1974; Gomez et al., 1977) . We have no cytogenetic or biochemical criteria to confirm that there is a majority of active X chromosomes containing the myopathic gene in carriers with complete phenotypic expression, whereas such criteria have been established in haemophilia (Graham et al., 1975) . If, however, the Lyon hypothesis were proved to take place in muscular dystrophy, the preceding proposal would be feasible. Indeed, an infinite range of combinations between paternal and maternal inactivated X chromosomes is possible in carriers. The number of different clinical states and their probability of occurring would then depend on the number of future muscle cells in the zygote when inactivation occurs.
Confronted by the diversity of hypothetical genetic mechanisms that remain plausible, we can only offer the parents a relatively limited form of genetic counselling: the probability of having an affected son is 1/2 and that of having an affected daughter, though not certain, is not nil. For example, Moser and Emery (1974) 
